Objective: The patient population undergoing myocardial revascularization has changed during the last few years. Knowledge of these changes, and of the subsequent influence on morbidity and/or mortality is important, not only for up-dating quality control, but also to support decision-making in financial and economical aspects, and in further research concerning coronary artery surgery. Methods: Pre-, per-and postoperative data of 3834 primary isolated coronary bypass operations, January 1987-December 1995 were analyzed. The total group was divided into three time cohorts. Group A: 1987Group A: -1989Group A: (n= 1292 group B: 1990-1992 (n =1130); and group C: 1993-1995 (n =1412). Results: Mean age increased from 60.4 99.0 (S.D.) years in group A to 62.9 9 9.9 (S.D.) years in group C (PB 0.0005). Patients with insulin-dependent diabetic (P = 0.005), uro-nefrological (P= 0.002), pulmonary (PB 0.0005)and neurological (P= 0.003) pathology increased significantly, and there was a significant increase in the use of arterial grafts (PB 0.05). Postoperative, hospital mortality remained stable ( 9 2.5%). However, there was a significant increasing percentage of patients with pulmonary (P= 0.04), neurological (P= 0.02) and uro-nefrological (P B 0.0005) problems. Conclusion: During the last few years there has been a trend in myocardial revascularization of older patients, with more coexisting disease. Despite the fact that hospital mortality seems stable, there is an increase in major postoperative morbidity.
Introduction
During the last few years, cardiac surgeons, cardiologists and all concerned with patients undergoing coronary bypass artery grafting (CABG) have noted a trend towards surgically treating older, sicker patients who have more complex diseases [1 -3] . There has also been an enormous impact on cardiac surgery with regard to the financial and economical aspects. Health care costs must decrease, and this can be done by decreasing the length of hospital stay. This is most effective in patients who have a low morbidity risk. This policy, however, can be dangerous for the high risk patients: they may become isolated, 'expensive' patients, for whom there is no place in our 'low cost health care' [2, 3] . Therefore it is important to study the evolutionaty trends in the recent patient population, so that the problems can be identified and the support put in place for decision-making in financial and economical aspects and even in further research concerning coronary artery surgery. The purpose of this study was to outline the changes in the patient population during the last few years.
Material and methods

Patients
With the aid of our database, Coronary Surgery Database Radboud Hospital (CORRAD), a registry that stores pre-, per-and postoperative data on all patients undergoing isolated myocardial revascularization, we identified a series of 3834 patients undergoing primary isolated CABG from January 1987 to December 1995. These 9 years are subdivided into three time cohorts of 3 years. Group A (1292 patients) operated between January 1987 and December 1989, group B (1130 patients) operated between January 1990 and December 1992, and group C (1412 patients) operated between January 1993 and December 1995. Table 1 presents the studied variables, however only these with a statistical significance change over time or other importance were further noted in this study.
Preoperatively, diabetes was defined when there was insulin dependency. Hypertension was defined as systolic blood pressure of greater than 160 mmHg or diastolic pressure of greater than 100 mmHg. Hyperlipidemia was defined as having a total cholesterol level of greater than 250 mg/dl or a triglyceride level of greater than 200 mg/dl. Neurological pathology was registered in patients with cerebrovascular accidents and/or transient ischaemic attack in their histories. Uro-nefrological pathology was defined as having a documented urological problem or operation or renal failure (creatinine] 150 vmol/l), preoperative dialysis, or renal transplantation. Pulmonary pathology was registered in patients with chronic obstructive pulmonary disease, and/or a history of previous lung disease.
Emergency operation was defined as an operation involving myocardial infarction, ischemia not responding to medical therapy, or cardiogenic shock. Left main is noted when there was a stenosis of 70% or more.
Postoperatively, mortality is defined as operative, hospital and 30-day mortality. Myocardial infarction as a new postoperative Q wave or T wave accompanied by increased cardiac enzymes (CPK-MB\10%). Pulmonary problems were all infectious and other pulmonary and neurological problems were defined as having a new cerebrovascular accident and/or transient ischaemic attack but also when there was confusion for more than 12 h. Under uro-nefrological problems, postoperative dialysis, renal dysfunction (creatinine] 150 vmol/l) and eventually other urological problems were noted.
Surgical technique
All patients were operated on using the standard cardiopulmonary bypass technique, aortic and right atrial (two stage) cannulation and hypothermia (28-32°C). Myocardial protection during aortic crossclamping was performed with an infusion of cold (4°C) St. Thomas' Hospital cardioplegia until asystole occurred and was maintained by reinfusion of 100 ml/m 2 of the solution every 25-30 min or earlier, as needed. Over the time there was no significant difference in bypass and aortic-crossclamp time, neither in number of grafts and distal anastomoses. The only surgical change was the statistically significant increase in the use of arterial grafts (group A: 69%; group B: 78%; group C: 89%).
Statistical analysis
The characteristics of patients in groups A, B and C are presented as percentages for dichotome variables and as mean9 S.D. for age. Differences in age distribution in the three groups were tested with the F-test (one way analysis of variance) and differences in percentage were tested with the 2 -test. Statistical significance was assumed at P5 0.05 (P=0.000 means PB0.0005). Table 2 presents the preoperative data of the patients. There is a statistical significant increase of the mean age of the patients (P =0.0001) and of the percentage of patients 80 years and older. Also the percentage of patients with insulin-dependent diabetic, uro-nefrological and pulmonary pathology increased significantly. The statistically significant increase in patients with neurological pathology, is a phenomenon of the last 3 years of the study (4.3 -7.2%). The percentage of patients with hypertension is different in the three groups but no clear trend is seen.
Results
Concerning the cardiac preoperative data, the group of patients operated on for single-vessel disease decreased significantly. On the other hand, the number of patients with two-vessel disease increased from 19 to 22% (P=0.02). The percentage of patients with threevessel disease was not statistically significantly different in the three time cohorts. The emergency operations decreased also significantly and the percentage of patients with in their history a successful PTCA increased from 1.4 to 4.0% (P=0.000).
Postoperatively (Table 3) , there is statistically no difference between the three groups concerning mortality, perioperative myocardial infarction and percentage of patients that needed ventilatory support for more than 2 days. The percentage of patients with pulmonary problems seems to be different for the three groups (P =0.04). The percentage of patients with neurological and uro-nefrological problem, increased over the years; this is especially clear for the uro-nefrological problems (P= 0.000).
Discussion
The increasing age of the patients, and/or the increasing number of patients of 80 years and older of the patients undergoing myocardial revascularization is confirmed by several studies. What is important is that higher age and certainly age 80 or more years, is accompanied with higher surgical risks and significant hospital expenses. Certainly for the older patients (] 80 years), with a limited long-time survival, it will be important to have studies, analyzing not only the survival, but also the quality of life to justify the costs of the myocardial revascularization of this group of elderly patients [3, 4] . Also insulin-dependent diabetes, cerebrovascular, pulmonary and uro-nefrological (creatinine level) disease are preoperative variables with a relative strength in predicting postoperative morbidity and mortality. However, these variables are probably also influenced by the increasing age of the patient population [5, 6] .
The statistically significant decrease in patients operated on for single-vessel disease is a result of the increasing number of percutaneous transluminal coronary angioplasties. At the same time the number of patients with a successful angioplasty in their preoperative history increased also significantly. The statistically significant decrease in emergency operations can be partially explained by angioplasty of the culprit lesion to stabilize patients. But also the use of fibrinolytic agents, the use of stents, and probably the use of the intraaortic balloonpump preoperatively (not noted separately in our database) are important here. Left ventricular function, ejection fraction, is not included as a parameter. In the patient population, the ejection fraction is not routinely calculated, mostly, only for patients with 'bad' ventricular function. Because of the missing information in more than 70% of the patients, we did not include this parameter in our study. This is of course a deficit, because an impaired left ventricular function is a strong predictor for postoperative mortality and morbidity.
Of the operative variables, only the use of arterial grafts changed significantly. The increasing use of one or more arterial grafts is of course a surgical decision and a consequence of the superiority of the arterial grafts [7] . Several studies proved already that the use of one, or more, arterial graft(s) did not increase postoperative morbidity and mortality [8, 9] .
Postoperatively, there is a slight, just significant (P= 0.04) increase of patients with pulmonary problems. The percentage of patients with uro-nefrological and with neurological problems, increased significantly. These two postoperative problems are associated with special care and longer hospital stay [10 -13] . It is important is to note that the neurological problems were defined not only by the occurrence of a new cerebrovascular accident or a transient ischemic attack but also when patients were confused for more than 12 h. Several studies are describing a depressed level of consciousness and/or confusion after CABG as a result of cerebral ischemia, and possible in relation to preoperative neurological events. It must be clear that this patient group has also a prolonged overall hospital stay [12, 13] .
This study outlines the trends in patients undergoing primary isolated myocardial revascularization during the last few years using standard cardiopulmonary techniques. The results are good, and prove that mortality can be kept low, in spite of a statistically significant increasing number of older patients as well as associated coexisting diseases. The same trend has been documented by The society of Thoracic Surgeons National Database [14] . The reproducibility, durability and the strive for a complete revascularization are the fundamentals of the standard CABG, and it will be difficult for minimally invasive surgery to improve this overall results [15, 16] .
In conclusion, during the last few years, in primary CABG, there has been an increasing number of older patients. Also, there has been an increase in variables, maybe in relation to increasing age, who are or may be strong predictors of postoperative morbidity. A postoperative morbidity is where there is an increasing number of neurological and nefrological problems. Further analysis of this postoperative morbidity in relation to preoperative variables will be essential for a better understanding and for prevention of these 'expensive' complications.
